Spinibarbus caldwelli was an endemic species to China, and its germplasm protection and resources utilization had become more and more concerned. To know its genetic diversity and differentiation, the mitochondrial DNA D-loop was amplified and sequenced for 148 individuals from four regions of Pearl River and Yangtze River Basin. Altogether 9 variable nucleotide sites existed among the aligned sequences of 748 bp, and 8 haplotypes were found within 148 individuals. The average nucleotide diversity (Pi) was high 0.00297, while haplotype diversity (Hd) was 0.706. The average genetic distance was 0.00298, most value occurred between LJ and CL populations, and small value occurred between HJ and QZ populations.
Introduction
Spinibarbus caldwelli is a teleost fish species belonging to the order Cyprinformes. It is an important economic freshwater fish mainly distributing in the Yuanjiang, Yangtze, Jiulong, and Minjiang River, Pearl River basin and Hainan Island [1] . The wild stocks of seabream have declined substantially in recent years, owing to overexploitation, pollution, illegal fishing practices and the development of hydroelectricity. The gene diversity of S. caldwelli has been seriously depleted and the population has been seriously degraded. It has been listed in the Red Book of Endangered Species by the World Conservation Union [2] . There were many studies on the description, classification, age and growth, reproductive biology and diet of S. caldwelli [3] [4] [5] [6] . Tang et al. [7] and How to cite this paper: Yuan, X.P., Yang, X., Ge, H.Z. and Li, H. Huang et al. [8] have studied the genetic relationship of different geographic groups by mtDNA.
Mitochondrial DNA (mtDNA) is a nucleic acid component in mitochondria, which has such characteristics as simple molecular structure, high coding efficiency, rapid evolution rate, strict maternal inheritance, and almost no recombination [9] . The control region of mitochondrial DNA (D-Loop) is the region with the largest variation in the whole mitochondrial DNA genome sequence and length. Its evolution rate is 5 -10 times higher than that of other sequences, resulting in more mutations, such as base replacement, insertion or deletion, and numerous tandem repeats [10] [11] . By detecting the DNA variation in this region, we can effectively explore the genetic variation relationship between related species, species or individuals. It had become the primary tasks for the protection and development of its resources, formulate scientific and targeted protection measures to study the genetic structure. The main purpose of this study is to use the mtDNA D-loop as a molecular marker to analyze the population genetic structure of the species and provide a scientific basis for the development resource conservation and development and utilization measures.
Materials and Methods

Materials
The samples were collected from the Pearl River basin ( whole individuals were collected from fresh specimens and immediately stored at 100% ethanol until DNA extraction.
Genomic DNA Extraction
Approximately 0.2 g of tissue from each specimen was placed in double distilled water for 5 h to remove all traces of ethanol. The tissue was subsequently digested with sodium dodecyl sulfate (SDS) and proteinase k. The genomic DNA was extracted using high NaCl method [12] .
Amplification and Sequencing
The mtDNA D-Loop was amplified in a 50 μL reaction volume with a final concentration of 1× Taq polymerase buffer and 0.6 U of Taq polymerase, 1.5 mM 
Data Analysis
All sequences were checked for quality using DNAStar Lasergene Version 7.0 software and aligned using the program ClustalX. Summary statistics (haplotype frequencies, number of polymorphic sites, number of transitions and transversions, and nucleotide composition) were estimated in Arlequin 3.0. Genetic diversity within localities was measured as the number of haplotypes, haplotype diversity (Hd), and nucleotide diversity (Pi), which were estimated in DnaSP4.0.
Population subdivision and structure were estimated using an analysis of molecular variance (AMOVA) and pairwise population F ST significance test as implemented in Arlequin. Significance of F ST was determined via nonparametric permutation with 1000 data permutations.
Results
Base Composition
The average base composition in the sequences from the 148 individuals was 31.9% T, 20.1% C, 21.2% A, 26.8% G. Approximately 1.21% of sites (9 out of 745 base pairs) were found to be variable. There were 9 were transitions and no transversion, insertion or Missing sites of these variable sites (Table 1) .
Genetic Diversity
Based on the polimorfic sites, it was defined 8 haplotypes in 148 individuals ( (Table 2) .
Overall haplotype diversity and nucleotide diversity was 0.706 and 0.00297, respectively. While the highest nucleotide diversity index were CL population, the highest nucleotide diversity were QZ population. Genetic diversity was poor in HJ population (Table 3 ).
Genetic Distance
Pairwise F ST values ranged from 0.00049 to 0.00735. The mean F ST values were 0.00298 (Table 4 ). The F ST values between LJ population and CL population was the largest, being 0.00735; The F ST values between HJ population and QZ population was 0.00049, which was relatively minimal.
The mtDNA homologous sequence of the carp (Cyprinus carpio) (Genbank accession number: AB158812.1) was used as the outer group sequence, and the haplotype NJ tree and all individual haplotypes were constructed as shown in haplotypes. However, it could be seen that the haplotype clustering of the four populations could be followed regularly. The haplotypes of various groups could be clustered closer, and the whole genetic structure was relatively clear. The LJ population was first clustered with the QZ population. And then clustered with HJ population, and finally clustered with CL population (Table 5 ).
Discussion
MtDNA is maternally inherited, has almost no recombination, has a higher variation than the nuclear gene [13] , and the D-loop region is a non-coding region, which is highly likely to retain mutations and is the region with the fastest evolution rate in mtDNA [14] , suitable for the study of genetic diversity of the following taxonomic factors. The mtDNA D-loop region has been widely used as a molecular marker for genetic management of species, conservation of endangered species, genetic structure of populations, and evolutionary history [15] [16] [17] . In this study, 745 bp of mtDNA D-loop gene in 148 wild Spinibarbus caldwelli from four populations were analyzed providing information about the genetic structure of the species from a new biogeographical region. The overall genetic diversity (π = 0.00297, with 8 haplotypes) of the four populations showed a low level. The genetic diversity of QZ population in the whole state was relatively rich (π = 0.01347, with 3 haplotype), the genetic diversity of HJ population is extremely poor (π = 0, only one haplotype). However, Zheng et al. [18] based on the mtDNA D-loop region to assess the genetic diversity of Spinibarbus caldwelli population in Yunnan, showed that their genetic diversity was higher.
In addition, studies on other carp species also showed a higher genetic diversity 
Conclusion
Spinibarbus caldwelli was an endemic species to China, and its germplasm protection and resources utilization had become more and more concerned. 
